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Matching Unit for Semiconductor Plasma Processing Apparatus 

This nonprovisional application is based on Japanese Patent 
Application No. 2003*379869 filed with the Japan Patent Office on 
5 November 10, 2003, the entire contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a matching unit, and specifically, 

10 to a matching unit used for a semiconductor plasma processing apparatus. 
Description of the Background Art 

A semiconductor plasma processing apparatus is an apparatus for 
processing a semiconductor substrate by plasma, which is generated by 
applying high-frequency power between a pair of electrodes provided in a 

15 chamber. In the semiconductor plasma processing apparatus, a matching 
unit is provided between a high-frequency power supply and the electrodes 
in order to suppress reflection of high-frequency power. Additionally, in 
order to facilitate impedance matching, the matching unit is directly fixed 
to the outer wall of the chamber, and the distance between the matching 

20 unit and the electrodes is designed to be minimum. 

There is also a technique for matching impedance in a 
high-frequency heating apparatus including an antenna for receiving 
high-frequency power via a coaxial feeding line to be provided to plasma, 
and a stub provided at one point of the length of the coaxial feeding line. 

25 Here, the length of the coaxial feeding line is set to a length in which the 

length required for matching the impedance from the antenna to the stub is 
added to an integral multiple of a half wavelength of the high frequency, 
and the length of the stub up to the shorting end thereof is set to a length 
in which the length required for impedance matching is added to an 

30 integral multiple of a half wavelength of the high frequency. Thus, the 

frequency of high-frequency power is controlled to match the impedance of 
the coaxial feeding line and that of the antenna (for example, see Japanese 
Patent Laying-Open No. 7-159562). 
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As above, in a semiconductor plasma processing apparatus, 
generally a matching unit is directly fixed to the outer wall of a chamber. 
However, the apparatus of some type may require arranging the matching 
unit distanced from the chamber. In such a case, it is difficult to attain 
5 matching since the wiring between the matching unit and the electrodes 
becomes longer and the inductance of the wiring becomes greater. 
SUMMARY OF THE INVENTION 

Therefore, a principle object of the present invention is to provide a 
matching unit that can easily attain matching even when the distance 

10 between the matching unit and the electrodes is long. 

A matching unit according to the present invention used for a 
semiconductor plasma processing apparatus including an electrode 
provided inside a chamber and a feeding line having its one terminal 
connected to the electrode and having its other terminal arranged outside 

15 the chamber includes : a first capacitor receiving a high-frequency voltage 
at its one electrode and receiving a reference voltage at its other electrode, 
a capacitance value of the first capacitor being adjustable; a second 
capacitor receiving the high-frequency voltage at its one electrode, a 
capacitance value of the second capacitor being adjustable; and a 

20 distributed constant circuit connected between other electrode of the second 
capacitor and the other terminal of the feeding line for delaying a phase of 
the high-frequency voltage by a length substantially equal to a length in 
which a length of the feeding line is subtracted from a natural number 
multiple of 1/2 wavelength of the high-frequency voltage. 

25 In the matching unit according to the present invention, the 

distributed constant circuit is provided, which is connected between other 
electrode of the second capacitor and the other terminal of the feeding line 
for delaying a phase of the high-frequency voltage by a length substantially 
equal to a length in which a length of the feeding line is subtracted from a 

30 natural number multiple of 1/2 wavelength of the high-frequency voltage. 

Accordingly, the phase of the high-frequency voltage is delayed by a length 
substantially equal to a natural number multiple of 1/2 wavelength 
between the other terminal of the second capacitor and the electrode, and 
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the impedance between them becomes substantially 0. Therefore, 
matching is easily attained. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
5 detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of a 
semiconductor plasma processing apparatus according to a first 
10 embodiment of the present invention. 

Fig. 2 is a cross- sectional view showing the configuration of a 
processing chamber shown in Fig. 1. 

Fig. 3 is a cross* sectional view showing the configuration of a 
matching unit shown in Fig. 1. 
15 Fig. 4 is a cross- sectional view showing the configuration of a 

matching unit according to a second embodiment of the present invention. 

Fig. 5 is a perspective view showing the configuration of a copper 
plate shown in Fig. 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 First Embodiment 

Fig. 1 is a block diagram showing the configuration of a 
semiconductor plasma processing apparatus according to the first 
embodiment of the present invention. In Fig. 1, the semiconductor plasma 
processing apparatus includes a high-frequency power supply 1, a 

25 high-frequency sensor 2, a matching unit 3, a processing chamber 4, a 
controller 5, and a driving apparatus 6. 

High-frequency power supply 1 generates prescribed 
high-frequency power. This high-frequency power has a prescribed 
frequency between 60 MHz and 500 MHz (herein it is assumed to be 100 

30 MHz). The high frequency power generated by high-frequency power 

supply 1 is provided to processing chamber 4 via high-frequency sensor 2 
and matching unit 3. The high-frequency power partially reflects at 
processing chamber 4, and progressive wave power Pf and reflected wave 
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power Pr are generated in a feeding line (not shown). 

High-frequency sensor 2 detects voltage V and current I of the 
feeding line between high-frequency power supply 1 and matching unit 3, 
and based on the detected result, outputs a signal VZ corresponding to the 
5 deviation of a ratio Z of voltage V and current I from characteristic 
impedance ZO (for example, 50 ohm), and a signal V(|) having a level 
proportional to the phase difference (j) between voltage V and current I. 

Matching unit 3 minimizes reflected power wave Pr by equalizing 
the impedance seen from its input terminal side toward processing chamber 
10 4 side with characteristic impedance ZO of the feeding line between 

high-frequency power supply 1 and matching unit 3. The impedance of 
matching unit 3 is controllable. This matching unit 3 will be described in 
detail later. 

Driving apparatus 6 includes a motor, a gear and the like, and 
15 drives matching unit 3 in accordance with controller 5. Controller 5 

adjusts the impedance of matching unit 3 through driving apparatus 6 such 
that the levels of signals VZ and V§ from high-frequency sensor 2 are each 
minimized. 

As shown in Fig. 2, processing chamber 4 includes a chamber 10, 
20 which is provided with a gas supply port 10a and a exhaust port 10b. Gas 
supply port 10a is connected to a gas supplying apparatus (not shown) that 
includes a gas flow rate controller, a valve, a gas cylinder and the like, 
while exhaust port 10b is connected to a gas evacuating apparatus (not 
shown) that includes a valve, a vacuum pump, and a gas processing 
25 apparatus and the like. By the gas supplying apparatus and the gas 
evacuating apparatus, a desired low pressure can be attained inside 
chamber 10. 

Inside chamber 10, for example two parallel plate electrodes 11 and 
12 are provided. One electrode 11 of the two electrodes 11 and 12 is, for 
30 example, grounded, while other electrode 12 receives a high-frequency 
voltage from high-frequency power supply 1. Chamber 10 is grounded. 
On the surface of electrode 11, a semiconductor substrate 13 is set. 

Further, chamber 10 is provided with a feeding port 10c, which is 
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connected to matching unit 3 through feeding line 14. Feeding line 14 
includes a cylindrical external conductor 15 and a bar-shaped internal 
conductor 16. Internal conductor 16 has a prescribed length (herein 
assumed to be 60cm). One end of external conductor 15 is electrically 
5 connected to the shield case of matching unit 3, while the other end of 
external conductor 15 is joined to outer periphery of feeding port 10c of 
chamber 10. One end of internal conductor 16 receives the output voltage 
of matching unit 3, while the other end of internal conductor 16 passes 
through feeding port 10c to be connected to electrode 12. Between external 

10 conductor 15 and internal conductor 16, a ring-shaped insulating members 
17 and 18 are interposed. Insulating member 17 seals between the space 
of chamber 10 and the space of feeding line 14. The space between 
external conductor 15 and internal conductor 16 is maintained at normal 
atmospheric pressure to prevent discharge. 

15 When performing etching or forming a film, first, air is evacuated 

from chamber 10 by the gas evacuating apparatus. Then, a prescribed gas 
is introduced into chamber 10 at a prescribed flow rate by the gas 
supplying apparatus and the evacuation rate of the gas evacuating 
apparatus is adjusted, such that chamber 10 is adjusted to a prescribed 

20 pressure. 

Next, high-frequency power supply 1 is turned on to provide 
prescribed high-frequency power to processing chamber 4, and gas between 
electrodes 7 and 8 is ionized to enter the plasma state. At this time, the 
impedance of matching unit 3 is controlled by high-frequency sensor 2, 

25 controller 5 and driving apparatus 6 such that reflected wave power Pr is 
minimized. When gas for etching (for example, CF4) is used, the surface 
of substrate 13 is etched, and when gas for film-formation (for example 
SiH4) is used, then a film is deposited on the surface of substrate 13. 
Fig. 3 is a cross-sectional view showing the configuration of 

30 matching unit 3. In Fig. 3, matching unit 3 includes a shield case 20. 

Shield case 20 is a box of rectangular parallelepiped made of aluminum 
plate, and grounded. Shield case 20 is provided with an input port 20a 
and an output port 20b. An input terminal 21 is provided to input port 



20a, while an end of feeding line 14 is inserted into output port 20b. Input 
terminal 21 is connected to high-frequency power supply 1 through 
high-frequency sensor 2. 

Inside shield case 20, a variable capacitor 22 for impedance 
5 matching, a variable capacitor 23 for phase matching, and a coaxial line 24 
forming a distributed constant circuit are provided. Each of capacitors 22 
and 23 is coupled to driving apparatus 6 through a driving shaft (not 
shown), with each capacitance changing in a prescribed range according to 
the rotation angle of the driving shaft. One electrodes of capacitors 22 and 

10 23 are both connected to an input terminal. The other electrode of 

capacitor 22 is connected to the inner wall of shield case 20 and grounded. 

Coaxial line 24 includes an internal conductor 25 and an external 
conductor 26. One end of internal conductor 25 is connected to the other 
electrode of capacitor 23, while the other end thereof is connected to an end 

15 of internal conductor 16 of feeding line 14. One end of external conductor 
26 is connected to the other electrode of capacitor 22 and grounded, while 
the other end thereof is connected to the inner wall of shield case 20 and 
grounded. 

Here, according to the theory of the high-frequency circuit, when a 
20 high-frequency power supply and a load circuit are connected with a line, of 
which length is an integral multiple of 1/2 wavelength of the 
high-frequency voltage, the result will be the same as those obtained when 
the load circuit is directly connected to the high-frequency power supply 
without using the line. Thus, according to the present invention, the other 
25 terminal of capacitor 23 and an end of internal conductor 16 of feeding line 
14 are connected with a line, of which length is substantially equal to a 
length in which the length of internal conductor 16 of feeding line 14 is 
subtracted from a natural number multiple of 1/2 wavelength (herein 
assumed to be multiplied by l) of a high-frequency voltage. 
30 In other words, when the high frequency power supply and the load 

circuit are connected with a line that delays the phase of high-frequency 
voltage by an angle of an integral multiple of 180 degrees, the result will be 
the same as those obtained when the load circuit is directly connected to 
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the high-frequency power supply without using the line. Thus, according 
to the present invention, the other terminal of capacitor 23 and an end of 
internal conductor 16 of feeding line 14 are connected with a line having ah 
angle of delay substantially equal to a length in which an angle of delay 
5 caused by internal conductor 16 of feeding line 14 is subtracted from a 

natural number multiple of 180 degrees (herein assumed to be multiplied 
by 1), 

Specifically, 1/2 wavelength of a high-frequency voltage of 100MHz 
can be obtained by the speed of light (3 x 10 8 m/s) divided by 100MHz x 2, 

10 which equals 150cm. Subtracting the length of internal conductor 16 (60 
cm) of feeding line 14 from 150cm equals 90cm. As coaxial line 24 is filled 
with a dielectric material between internal conductor 25 and external 
conductor 26, coaxial line 24 has a shortening rate of (lA/~ 8^2/3). 90cm 
multiplied by the shortening rate (2/3) of coaxial line 24 equals 60cm. 

15 Thus, according to the first embodiment, coaxial line 24 of 60cm was 
employed to connect the other electrode of capacitor 23 and an end of 
internal conductor 16 of feeding line 14. Thus, the same state as those 
obtained when the other electrode of capacitor 23 is directly connected to 
electrode 12 in chamber 10 can be realized, and matching is easily attained. 

20 Needless to say, the length of coaxial line 24 may not necessarily be exactly 
60cm in the case above and matching can be attained with coaxial line 24 of 
50-70 cm, by adjusting each capacitance of capacitors 22 and 23. 
Second Embodiment 

Fig. 4 is a cross-sectional view showing the configuration of a 
25 matching unit 30 used in a semiconductor plasma processing apparatus 
according to the second embodiment of the present invention. In Fig. 4, 
matching unit 30 is different from matching unit 3 of Fig. 3 in that coaxial 
line 24 is replaced by copper plates 31-33 and a dielectric sheet 34. Copper 
plates 31-33, dielectric sheet 34 and shield case 20 constitute a distributed 
30 constant circuit. Each of copper plates 31-33 has a prescribed width 
between 5cm to 6cm (for example, 5.5cm). 

Copper plate 31 is bent to be in an L-shape. One piece 31a of 
copper plate 31 is provided horizontally and having its end connected to the 



other electrode of capacitor 23. Other piece 31b of copper plate 31 is 
provided vertically, and fixed to the inner wall of shield case 20 through an 
insulating member 35. To an end of other piece 31b of copper plate 31, a 
screw hole 36 is formed. Copper plate 33 is bent to be in an L-shape. One 
5 piece 33a of copper plate 33 is provided horizontally and having its end 
connected to an end of internal conductor 16 of feeding line 14. Other 
piece 33b of copper plate 33 is provided vertically, and a screw hole 37 is 
formed to an end thereof. 

Opposing ends of copper plate 32 are each bent at the right angle. 

10 Central portion 32a of copper plate 32 is arranged horizontally above a floor 
portion 20c of shield case 20. To one end 32b of copper plate 32, as shown 
in Fig. 5, a long hole 38 is formed in a vertical direction. To other end 32c 
of copper plate 32, a long hole 39 is formed in a vertical direction. Other 
piece 31b of copper plate 31 and one end 32b of copper plate 32 are fixed by 

15 a screw 40 penetrating through screw hole 36 and long hole 38. Other 

piece 33b of copper plate 33 and other end 32c of copper plate 32 are fixed 
by a screw 41 penetrating through screw hole 37 and long hole 39. 

Screw hole 36, long hole 38 and screw 40 are provided in a plurality 
of sets (three sets in Fig. 5), and screw hole 37, long hole 39 and screw 41 

20 are provided in a plurality of sets (three sets in Fig. 5). By adjusting the 
relative positions of screw hole 36 and long hole 38, and the relative 
positions of screw hole 37 and long hole 39, and then fixing screws, 
adjustment of the distance (capacitance) between central portion 32a of 
copper plate 32 and floor portion 20c of shield case 20 as well as adjustment 

25 of the length (inductance) of the line formed by copper plates 31-33 can be 
achieved, and thus adjustment of the circuit constant of the distributed 
constant circuit can be achieved. 

Dielectric sheet 34 is placed on floor portion 20c of shield case 20. 
Dielectric sheet 34 is provided to increase the capacitance between central 

30 portion 32a of copper plate 32 and floor portion 20c of shield case 20, to 

withstand voltage, and to obtain the above described shortening rate such 
that copper plates 31-33 are reduced in length. 

The length of copper plates 31*33 connected by screws 40 and 41 is 
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set to 60cm, which is the same as that of coaxial line 24 shown in Fig. 3. 
Thus, the same state as those obtained when the other electrode of 
capacitor 23 is directly connected to electrode 12 in chamber 10 can be 
realized, and matching is easily attained. Further, as the distributed 
5 constant circuit is structured by copper plates 31*33, powers can be 

provided in greater amount as compared to the first embodiment where the 
distributed constant circuit is structured by coaxial line 24. 

Although the present invention has been described and illustrated 
in detail, it is clearly understood that the same is by way of illustration and 
10 example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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